PATEJNT SPECIFICATION (i^) 1 361 141 



CO 



(21) Application No. 982/72 (22) Filed 10 Jan. 1972 

(31) Convention Application No. P 21 06 163^ 

(32) Filed 10 Feb. 1971 in 

(33) Germany (DT) 

(44) Complete Specification published 24 July 1974 

(51) International Classification GOIR 31/30 

(52) Index at acceptance 

G4A 12D 

(54) IMPROVEMENTS IN OR RELATING TO PROGRAMME-CONTROLLED 
DATA PROCESSING SYSTEMS 




(71) We, SlJ-MENS Aktiengesell- 
scriAFr. a German Company, of Berlin and 
Muiiich, Germany, do nereby declare the 
invention, for which we pray that a patent 
5 may be granted to us, and the method by 
whicii it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

The invention relates to prograrame-con- 

10 trolled data processing systems. 

Very high requirements are made on the 
reliability of programme-controlled process- 
ing systems above all when these are pro- 
cessing systems wliich, for example, like a 

15 programme-controlled telecommunications 
exchange system, must be constantly ready 
for use. In no case may the breakdown of 
individual system units lead to a breakdown 
of the entire system. To increase the rcli- 

20 ability it is known to increase the redund- 
ancy of a system for example by providing 
the entire system in duplicate or by provid- 
ing individual units of the system in dupli- 
cate. Furthermore, to increase the security 

25 and reliability it is known to make individual 
subsidiary regions of the system to be inter- 
changeable. In data processing technology 
this manner of system construction is termed 
"modular construction", in each case an 

30 interchangeable system part, in the follow- 
ing called a system unit, being termed so- 
called module. 

However, the reliability of a processing 
system does not only depend upon the entire 

35 system continuing to operate without inter- 
ruption, in the case of the breakdown of one 
system unit, but it is of equally great im- 
portance to be able to consumtly check and 
monitor the mode of operation of the system 

40 even during the fault-free operation. For 
this purpose it is known to compare the 
results of processes taking place in the mul- 
tiply provided system units or to periodically 
run test progranunes. so-called routine tests. 

45 In the frame of routine tests of this kind it 
is known to determine the required and the 
actual operational reliability in Uiat in the 
course of a routine test programme the 
opcraiional voltage of a system unit. i.e. 
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the voltage at which the unit is operating. 50 
is varied in order to establish whether devi- 
ations in the operation occur. The opera- 
tional voltage is generally reduced or in- 
creased within the prescribed limit range 
of the unit. This method is known as a 55 
marginal check. The results of particular 
test operations carried out by the system 
operating at the increased or lowered volt- 
age are compared with results which would 
be expected from a perfectly operating unit. 60 
Tests of this kind indicate whether or not 
the unit is operating correctly and it has 
been proved that such a variation of the 
operational voltage is a very good aid both 
111 the early detection of faults and also in 65 
the finding of faults. 

The present invention is also concerned 
with the proWem of making it possible to 
check units of a modulariy constructed, pro- 
gramme controlled processing system by 70 
varying the operational voltage. 

According to the present invention there 
IS provided a method of testing a data pro- 
cessing system including a central store, a 
signal station and a plurality of system units, 75 
one of which is a programme control system 
unit and each of which is assigned a current 
supply device, comprising issuing a piece of 
command information from the programme 
control system unit and transferring said 80 
command information via a standard sys- 
tem interface, via which the system units 
may exchange information and control 
criteria with one another, to the signal sta- 
tion, then analysing said piece of command 85 
ijiformation in said signal station and form- 
ing therein a piece of signal information, 
then passing said piece of signal informa- 
tion to a particular one of said current 
supply devices thereby to modify the supply 90 
voltage of said current supply device, and 
then forming a piece of reporting informa- 
tion indicating that said modification has 
been effected and reading said piece of re- 
pordng information via the standard system 95 
interface into a part of the central store. 

Liach current supply device may be reset 
to its normal voltage, via the signal station 
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through which its voltage was modified, 
under the control of a programme. 

Alternatively, a current supply device 
whose voltage has been modified may be 

5 reset to its normal voltage via a special re- 
setting line. 

The signal station, which is reached by 
means of a modification command issuing 
from a programme control unit of the sys- 

10 tem. can be centrally or dccentrally ar- 
ranged. In the first case the signal station 
may be reached via the standard system 
interface. This can take place in known 
manner in that by setting an application bit 

15 in the central part of the processing system, 
a programme control unit emitting a modi- 
fication command makes an application for 
a storage cycle to transfer the programme 
. to the signal station. After the piece of com- 

20 mand information has been decoded in the 
signal station, a specific current supply de- 
vice may be reached from the latter, which 
device is then passed an appropriate piece 
of signal information which causes the modi- 

25 fication in the operational voltage in the 
relevant current supply device. 

In the second case, every system unit or 
part system unit, whose current supply de- 
vices are to be included in the programmed 

30 voltage modification, is assigned a signal 
station of this kind. The commands emitted 
by a programme control unit are here passed 
in known manner to a specific system unit, 
whose current supply devices are to be modi- 

35 fied. Also in this case, the modification com- 
mand is correspondingly introduced by pro- 
grammes which take place in the programme 
control units. However, the system unit 
which is to be checked is in each case com- 

40 petent to effecting the modification in the 
current supply devices. The decentral signal 
stations can here either be provided as part 
of the system unit which is to be checked 
or as separate units. Apart from these two 

45 possibilities for the arrangement of the signal 
stations, these can also be arranged partly 
centrally, for example for a specific group 
of system units, and partly decentrally. 
The execution of a command, which 

50 causes modifications in the operational volt- 
age is acknowledged by the individual cur- 
rent supply devices by a piece of reporting 
information which is available to the central 
part of the processing system for the pur- 

55 pose of monitoring. This can take place, for 
example, in that the pieces of reporting in- 
formation are collectively conducted* to a 
central interrogation device from where they 
may be reached in the frame of a pro- 

60 gramme. Thus they can be input into a 
specific storage zone of the central store 
and are then available to a test programme, 
which can monitor both the execution of 
modification programmes, and also the cor- 

65 rcctness thereof, for example by comparing 



the pieces of information which trigger the 
modification with the pieces of information 
which arrive after the modification has been 
effected. 

The resetting of the individual current 70 
supply devices into tlie operational state 
during which they emit the prescribed oper- 
ational voltage, can take place by means of 
an appropriate command or by a compul- 
sory resetting of the relevant current supply 75 
device. In particular for the last mentioned 
possibility, with particular advantage a reset- 
ting line is provided which may be driven 
by the interrogation device and which is con- 
ducted for example in tfie cable via which 80 
the pieces of reporting information are trans- 
mitted. The possibility thus exists of main- 
taining the current supply devices at their 
operational nominal value even when the 
signal stations are operating in faulty 85 
fashions. 

It has already been proposed (see Pub- 
lished German Specification No. P20 12 052 
.9 for programmed fault finding in a pro- 
gramme-controlled processing system, to set 90 
a faulty system unit in a special diagnosis 
state during the duration of v/hich the faulty 
system unit can communicate only with 
those fault-free system units of the remain- 
der of the system which are likewise either 95 
constantly or occasionally in the diagnosis 
state. The advantage is thereby obtained 
that during the time their diagnosis pro- 
gramme is running faulty system units com- 
municate with other system units only when 100 
these other system units are also in the 
diagnosis state. Any fault which might occur 
then cannot affect the entire system. Taking 
this proposal as a basis, it is further proposed 
in accordance with the invention that the 105 
modification in the supply voltage in current 
supply devices which are assigned to the 
system units directly connected to the stan- 
dard system interface which takes charge 
of the traffic between the individual system HO 
units be effected only when the correspond- 
ing system units are in the aforementioned 
diagnosis state. ITie modification of the 
supply voltage in a current supply device, 
on the other hand, which is assigned to a 115 
system unit connected via further external 
interfaces to the system units which are 
directly connected to the standard system 
interface, is advantageously executed only 
when the system unit, via which the first 12O 
mentioned system unit is connected to the 
standard system interface, is in the opera- 
tional state. 

The present invention will now be de- 
scribed by way of example and with refer- 125 
ence to the drawings, in which: 

Figure 1 is a block circuit diagram of part 
of a data processing system in accordance 
with the invention; and 

Figure 2 is a block circuit diagram of part 130 
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of a further form of data processing system 
iu accordance with the invention. 

The processing system represented in 
Figure 1 consists of a series of system units 
5 SE which* in accordance with their mode 
of operation in the system, are designated 
line connection unit, programme control unit, 
device comiection unit, and storoge unit. The 
modular construction of the processing sys- 

10 tern becomes manifest in that the individual 
system units arc each provided in duplicate. 
For this reason, in each case two line con- 
nection units LEI and LE2, two programme 
control units PEl and PE2, two device con- 

15 nectlon units GEl and GE2, and also two 
storage units SPl and SP2 arc provided in 
Figure 1. 

In a system of this kind, the traffic be- 
tween the individual system units always 

20 takes place in cyclic fashion via the so-called 
standard system interface SNS which con- 
nects the individual system units. For this 
purpose each system unit is connected to 
the standard system interface via lines for 

25 the transmission of control criteria and for 
the transmission of information. 

This takes place, as is known, in such 
manner that a system unit which wishes 
access to another system unit transmits an 

30 application for a cycle, which is analysed 
in a store programme control unit SASl and 
SAS2 and lead to the assignment of a store 
cycle. The information exchange then takes 
place within the assigned store cycle. 

35 Each system unit is assigned a current 
supply device SV, the voltage values of 
which may be varied, in accordance with 
the invention, in programmed fashion. For 
this purpose a signal station LS is provided 

40 which is connected to the standard system 
interface SNS in the same way as a system 
unit and thus may be reached from all sys- 
tem units and also possesses access to all 
system units. 

45 Each current supply device may be 
reached as required via the signal station 
LS. The current supply devices themselves 
are connected to a central interrogation de- 
vice AE via a reporting line ML. Likewise 

50 they may be reached from the central inter- 
rogation device AE via a resetting line RL. 
The reporting line and the resetting line can 
here in each case be conducted via the wires 
of a common cable. The central interroga- 

55 tion device AE can, for example, communi- 
cate with the system via one of the device 
connection units, in Figure 1 via the device 
connection unit GE2. 
The mode of operation of the system re- 

60 presented in Figure 1 will now be described, 
la the following, it is assumed that the 
transmissioji of signal information between 
the signal station LS and the individual cur- 
rent supply devices SV takes place via signal 
65 lines SL. each of which comprises 4 signal 



wires. In this way it is possible to undertake 
a modification in the operational voltage in 
4 stages. Thus through the transmission of 
each case of a logic "1" on a particular one 
of the signal wires within a signal line, a 5% 70 
or 10% increase and a 5% or 10% decrease 
in the operational voltage can be obtained. 
On the other hand it is possible in each 
case to set the normal operational voltage 
by the transmission of a logic "0" on all 75 
the signal wires of a signal line. The inven- 
tion is not, however, limited to the 4-stage 
modification of the supply voltage, and much 
more complex voltage variation arrange- 
ments can also be used. 80 

The command for the modification of the 
supply voltage in a current supply device 
issues from one of the programme control 
units, for example from the programme con- 
trol unit PEL The latter sets an application 85 
bit in a part of one of the store programme 
control units SASL On the assignation of a 
storage cycle, which is either automatically 
assigned by the placement of the application 
bit, or is assigned by means of an interroga- 90 
tion pulse which issues from the signal sta- 
tion LS and reaches the store programme 
control unit at specific intervals of time, the 
piece of command information is transferred 
to the signal station LS, where the com- 95 
rnand information is decoded and passed, as 
signal information, via a signal wire of the 
signal line SL to a specific current supply 
device. The modifications in the operational 
voltage are transferred via the reporting line 100 
ML, as reporting information, to the central 
interrogation device AE from where they 
are available to the central store via the 
device connection unit GE2 and the standard 
system interface SNS. At the same time, in 105 
the frame of a programme running in the 
programme control unit PEL the modifica- 
tions which take place in the relevant system 
unit as a result of the variation in voltage 
are also available to the central section via \ [Q 
the standard system interface SNS. This 
means that the mode of operation of the 
relevant system unit can be checked by a 
routine test programme as a result of the 
information available. The resetting of the 115 
operational voltage to the operational 
nominal value can take place either in pro- 
gramme controlled fashion, i.e. from a pro- 
gramme control unit via the signal station 
LS. It can also be effected, however, via the j20 
central interrogation device and the resetting 
line RL which possesses the advantage that 
even when the signal station is operating in 
faulty fashion, the current supply devices 
can be maintained at their nominal value ]25 
or can be compulsorily reset to the nominal 
value. 

Apart from the central arrangement of the 
signal station shown in the exemplary em- 
bodiment of Figure I, a decentral arrange- 130 
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ment of several signal stations is also poss- 
ible. The exemplary embodiment shown in 
Figure 2 illustrates this possibility. 

The processing system shown in Figure 2 
again contains the above mentioned system 
units SE, which are multiply provided and 
communicate "via the standard system inter- 
face SNS with the central storage section 
which is likewise provided in duplicate. The 
*0 essential system units shown again comprise 
a line connection unit LE, in which this 
time only communication control units 
UeASl, UeAS2, connected to the standard 
system interface SNS, are provided in dupli- 
1 5 cate. two programme control units PEL PE2. 
a device conneaion unit GE havmg device 
control units GS1,GS2, provided in duplicaic. 
and central storage units SPl. SP2, the indi- 
vidual storage banks SB of which arc con- 

20 nected to the standard system interface SNS 
via respective store progranmie control units 
SASl, SAS2. The line connection unit LE, 
to v/hich the feeders (incoming lines) and 
trunks, marked Z and A in the Figure, are 

25 cormectsd, contains a series of system ter- 
minals SA, input-output code converters CW 
and the aforementioned communication 
control units UeASl, UeAS2. The device 
control units GSl, GS2 possess access, via 

30 external device-interface adaption units 
GSA. to external devices which are not re- 
presented here. The current supply devices 
assigned to each system unit are again 
marked SV. The latter can also in each case 

35 be combined, as required, to fom groups of 
supply devices. The signal stations LS are 
also provided and are arranged decentrally 
in the various system units. As it is possible 
to assign a decentral signal station, as an 

40 individual device, to a system unit or to 
design it as part of the S3'stem unit, both 
these possibilities are given in Figure 2. The 
first possibility is shown for the line connec- 
tion unit LE and the programme control 

45 unit PEl and PE2. whilst the second possi- 
bility is shown for the units of the device 
connection units (GSl, GS2, GSA) and of 
the storage unit (SAS2. SAS2, SB). Each 
current supply device SV is connected to the 

50 system unit which it is assigned via an energy 
supply line. The current supply devices 
assigned to the individual system units are 
connected to the signal stations of the sys- 
tem unit in each case via a signal line. In 

55 the exemplary embodiment, in the system 
unit termed line connection unit LE. the 
system terminals SA are each assigned a 
plurality of current supply devices, the input- 
output code converters CW are each assigned 

60 one current supply device, and the communi- 
cation control units UeASl, UeAS2, are like- 
wise each assigned one current supply de- 
vice. Similarly, in the system unit designated 
device connection unit» the device control 

65 units GSl. GS2, and the device interface 



adaption units GSA are each assigned one 
current supply device. The programme con- 
trol units PEl, PE2 are each assigned one 
current supply device. Likewise, in the cen- 
tral part of the processing system, the store 70 
programme control unit SASl, SAS2 are 
each assigned one current supply device, and 
the individual storage banlcs SB are each 
assigned a plurality of current supply de- 
vices. The transmission channels shown in 75 
heavy line in Figure 2 serve to transmit con- 
trol criteria and pieces of information be- 
tween the individual system units in the 
overall s^'Stem. 

For the description of the mode of opera- 80 
lion of the system represented in Figure 2, 
it will again be assumed that the transmission 
of command information takes place via for 
example four signal wires of the signal lines 
SL, and thus it is possible to modify the 85 
supply voltage in four stages. However, it 
must again be remembered that the inven- 
tion is not limited to the four-stage modi- 
fication of tlic supply voltage. Likewise the 
command for modifying the supply voltage 90 
issues from a programme control unit e.g. 
the programme control unit PEl, and 
through transmission to a system unit is 
available, from the latter, to the sianal sta- 
tion. ^95 

If the modification in the operational 
voltage is to take place in a current supply 
device which is assigned to a programme 
control unit PEl or PE2. this is initiated 
by a special command of one of the pro- 100 
gramme control units themselves. It is ad- 
vantageous to make the execution of this 
command dependent upon the fact that the 
relevant programme control unit is in tlie 
diagnosis state, i.e. when it has been set in 105 
a state in which it. apart from this com- 
mand, can only communicate with other sys- 
tem units which are also in the diagnosis 
state. 

If it is necessary to modify the opera- 110 
tioiial voltage in one of the current supply 
devices v/hich are assigned to a storage unit 
i.e. if a command is intended for one of the 
current supply devices assigned to the store 
programme control units SASl. or SAS2 or 115 
ror one thereof assigned to the storage banks 
SB. this command is initiated likewise by 
the application for a storage cycle, with 
which, however, an appropriate operations 
code is simultaneously connected. This com- 120 
mand also issues from one of the programme 
control units PEl or PE2. By the use of 
an appropriate address, a signal station 
assigned to a storage bank or a store pro- 
gramme control unit is passed the approp- 125 
riate piece of command information. For 
the execution of the command, the said 
signal station emits a piece of signal in- 
formation. The testing operation which then 
follows is thus executed when the relevant 130 
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storage bank or the relevant store pro- 
gramme control unit is in the diagnosis 
state. 

The modification in tlie operational voll- 
5 age in a current supply device assigned to 
the device connection unit is also initiated 
by a piece of command information which 
issues from a programme control unit. This 
passes via the signal wires of the signal line 

10 SL to the current supply device which is 
assigned to the device comiection unit. If 
the modification command relates only to a 
device control unit GSl or GS2. it is exe- 
cuted only in the diagnosis state of the 

15 device control unit If the modification 
command on the other hand relates to one 
of the device-interface adaption units GSA. 
it is executed only in the operational state 
of the corresponding device control unit GSl 

20 or GS2 and in the operational state of the 
device-interface adaption unit GSA. 

Similarly, tlie current supply devices of 
the line connection unit LE are influenced 
by commands which issue from a programme 

25 control unit PEl or PE2. In this case the 
voltage modification is initiated by a piece 
of command information which reaches one 
of the communication control units UeASl 
or UeAS2 in the line connection unit LE. 

30 If this command relates to a modification 
in the current supply devices assigned to a 
communication control unit, the correspond- 
ing communication control unit can be in 
the diagnosis state. If, on the other hand, a 

35 change is to be made in the voltage in a 
current supply device assigned to the peri- 
pheral units of the line connection unit 
thus a device assigned to the input-output 
code converters CW or the system connec- 

40 tion units SA, the command is executed 
only in the operational state of the com- 
munication control unit. Also in this case, 
the modification in the current supply device 
of the peripheral unit of the line connection 

45 unit is effected from the signal station LS 
via the signal wires of the signal lines SL. 

Further system units which are not repre- 
sented in the drawing, such as for example 
a character processing unit, can also be 

50 checked in the manner described by means 
of appropriate commands which cause a 
modification in the operational voltage. 

It has already been pointed out that the 
execution of a command which leads to a 

55 modification in the supply voltage is ack- 
nowledged by a piece of reporting informa- 
tion. In the present example, these pieces 
of reporting information are conducted via 
a special line, namely the reporting line ML, 

60 to the interrogation device AE. As the in- 
terrogation device AE can have access to 
the system in that it is connected to the 
standard system interface via the device 
connection unit, the pieces of reporting in- 

65 formation can be made available to a storage 



zone, determined by the programme of the 
processing system, in the storage unit. Thus 
the execution of the programmed modifica- 
tion commands can be monitored therein 
by a test programme. 70 

A central resetting line RL is also pro- 
vided 10 which in each case one resetting 
wire in the signal cables is connected, this 
RL being fed by a suitable output device 
which may be driven in programmed fashion. 75 
Said output device can for example, be the 
aforementioned interrogation device AE. In 
this way it is obtained that all the current 
supply devices can be reset again to the 
normal operational voltage even in the case 80 
of a fault in the central signal station or the 
signal station provided in the system unit 
assigned thereto. Then the further advantage 
results that it is not necessarv to provide 
the signal station in duplicate. This is shown 85 
in Figure 2 in an example of the line con- 
nection unit LE in which only one single 
signal station is provided for the two com- 
munication control units UeASl and UeAS2. 
In the case of a fault in the signal station 90 
LS. it will of course no longer be possible 
to pass modification commands to the units 
of this system unit, but the associated cur- 
rent supply devices in the peripheral units 
can be maintained at their nominal voltage 95 
via the central resetting line. 

WHAT WE CLAIM IS: — 

1. A method of testing a data processing 
system including a central store, a signal 100 
station and a plurality of system units, one 

of which is a programme control system 
unit and each of which is assigned a current 
supply device, comprising issuing a piece of 
command information from the programme 105 
control system unit and transferring said 
command information via a standard system 
niterface. via which the system units may 
exchange mformation and control criteria 
with one another, to the signal station, then HO 
analysmg said piece of command informa- 
tion in said signal station and forming there- 
m a piece of signal information, then passing 
said piece of signal information to a par- 
ticular one of said current supply devices 115 
thereby to modify the supply voltage of said 
current supply device, and then forming a 
piece of reporting information indicating 
that said modification has been eflfected and 
reading said piece of reporting information 120 
via the standard system interface into part 
of the central store. 

2. A method as claimed in Claim 1, 
wherein, after said modification has been 
effected, the current supply device is reset 125 
to its normal voltage, via the signal station 
through which its voltage was modified, 

3. A method as claimed in Claim 2, 
wherein the current supply device whose 
voltage has been modified is reset to its 130 
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normal voltage via a special resetting line. 

4. A method as claimed in any preced- 
ing Claim, wherein the signal station is 
common to a plurality of system units and 

5 is reachable directly via the standard system 
interface and wherein the transfer of a piece 
of signal information which effects a modi- 
fication in voltage in a current supply device 
in each case takes place via a signal line 
10 connecting the signal station to the current 
supply devices. 

5. A method of testing a data processing 
system in which each system unit or part 
thereof is provided with its own signal sta- 

15 tion as claimed in any one of Qairas 1 to 3, 
wherein the transfer of a piece of signal 
information which causes a modification in 
voltage in a current supply device in each 
case takes place via a signal line connecting 

20 the signal station to the current supply 
device. 

6. A method as claimed in Claim 4 or 
Claim 5, wherein the voltage of the current 
supply devices, in dependence upon the sig- 

25 nal information, varied in stages, and where- 
in the pieces of signal information which 
cause the modification are transmitted via 
wires running in the signal line. 

7. A method as claimed in any preceding 
30 Claim, wherein the pieces of reporting in- 
formation emitted by the current supply de- 
vices, after the execution of a modification 
in voltage, are passed to the store via a re- 
porting line and via a central interrogation 

35 device. 



8. A method as claimed in Qaim 7, 
wherein the central interrogation device is 
connected to a device connection system 
unit 

9. A method as claimed in Claim 3 or 40 
any one of Claims 4 to 6. when dependent 

on Qaim 3, wherein, to reset a current 
supply device into the state in which it 
supplies the operational voltage, a piece of 
resetting information is transmitted via the 45 
resetting line and wherein this piece of in- 
formation is produced by a resetting device 
which may be reached from the standard 
system interface. 

10. A method as claimed in Qaim 9, 50 
wlierein the piece of resetting information 

is transmitted via at least one additional 
resetting wire running in a reporting line 
and wherein the piece of resetting informa- 
tion is produced in the central interrogation 55 
device. 

11. A method of testing a data process- 
ing system substantially as herein described 
with reference to Figure 1 or Figure 2 of 
the drawings. 60 

For the Applicants, 
G. F REDFERN & CO., 
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